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FIG. 1 (PRIOR ART) 
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FIG. 2A(PRIOR ART) 
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FIG. 3(PRIOR ART) 
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LASER ANNEALING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a laser annealing 
apparatus, and more particularly to a laser annealing appa 
ratus Which is suitable for use in crystallization annealing 
processes of loW-temperature poly-silicon TFT (thin ?lm 
transistors) and the like. 

[0003] 2. Description of the Related Art 

[0004] In the crystallization annealing processes of loW 
temperature poly-silicon TFT, XeCl lasers are Widely used 
as heating light sources. Recently, the fact that green lasers 
having a high peak poWer, as represented by the second 
harmonic of NdzYAG (yttrium aluminum garnet) lasers 
having a Q sWitching action, can be used as heating light 
sources has attracted great attention because of the ability of 
such lasers to achieve greater crystal groWth at a loWer 
running cost. In annealing processes using green lasers 
having a high peak poWer, a system in Which a laser beam 
is formed as a linear beam and directed onto the substrate is 
most Widely used. 

[0005] FIG. 1 is a schematic diagram shoWing one 
example of the construction of a conventional laser anneal 
ing apparatus. In a conventional apparatus, a laser beam 206 
emitted from a laser oscillator 201 is directly introduced into 
a linear beam formation optical system 202. The linear beam 
formation optical system 202 is ?xed in place, and the laser 
beam 206 is propagated using mirrors or the like. The beam 
intensity is made uniform in the long direction, and the beam 
is directly focused in the short direction. The laser beam 206 
is converted into a linear beam 207 by the linear beam 
formation optical system 202. The linear beam 207 is 
directed onto an amorphous silicon substrate 204 Which is 
carried on a stage 208, and the portion of the amorphous 
silicon substrate 204 that is irradiated by the linear beam 207 
is modi?ed to poly-silicon 205. The laser oscillator 201 is 
carried on a biaxial operating stage 203, and the entire 
surface of the amorphous silicon substrate 204 is irradiated 
by the linear beam 207 by scanning the biaxial operating 
stage 203 in tWo dimensions. 

[0006] For example, a laser light linear beam forming 
method and a laser annealing apparatus using this method 
are disclosed in Japanese Laid-Open Patent Application No. 
2001-156017 as one example of the linear beam formation 
optical system 202. FIG. 2A is a side vieW shoWing the 
construction of the optical system 300 that forms a linear 
laser beam as disclosed in Japanese Laid-Open Patent Appli 
cation No. 2001-156017. FIG. 2B is a plan vieW ofthe same, 
and FIG. 3 is a schematic diagram shoWing a laser annealing 
apparatus. Laser light emitted from a laser oscillator 301 is 
split in the longitudinal direction by a cylindrical lens array 
302. The laser light that is split in the longitudinal direction 
is further split in the lateral direction by a cylindrical lens 
array 303. Speci?cally, the laser light that is emitted from the 
laser oscillator 301 is split into the form of a matrix by the 
cylindrical lens array 302 and cylindrical lens array 303. 

[0007] Subsequently, the laser light is temporarily focused 
by a cylindrical lens 304. In this case, the light passes 
through a cylindrical lens 305 immediately after the cylin 
drical lens 304. The light then re?ects from a mirror 306, 
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passes through a cylindrical lens 307, passes through a slit 
308, and reaches the irradiated surface 309. In this case, the 
laser light that is projected onto the irradiated surface 309 
exhibits a linear irradiating surface. Speci?cally, the cross 
sectional shape of the laser light that passes through the 
cylindrical lens 307 is linear. The slit 308 is used to adjust 
the length of the linear laser light in the direction of length. 

[0008] The homogeniZation in the short direction of the 
beam shape of this linearly converted laser light is accom 
plished by means of the cylindrical lens array 302 and 
cylindrical lenses 304 and 307. Furthermore, the homogeni 
Zation in the long direction is accomplished by means of the 
cylindrical lens array 303 and cylindrical lens 305. The 
linear beam of the laser light that has thus been made 
uniform is directed onto a substrate 311 that is carried on a 
movable stage 310. 

[0009] HoWever, in cases in Which the laser oscillator 201 
shoWn in FIG. 1 has an extremely high output, or in cases in 
Which a plurality of laser oscillators 201 is mounted, the 
total Weight of the optical system, including the linear beam 
formation optical system 202, reaches several hundred kilo 
grams. Furthermore, if the alignment of the optical system 
including the laser oscillator 201 is taken into account, the 
scanning of the linear beam formation optical system 202 
lacks stability, is poor in terms of ?exibility, and is imprac 
tical. Accordingly, systems are noW used in Which the 
amorphous silicon substrate 204 is scanned instead of the 
linear beam formation optical system 202 (for example, see 
Japanese Laid-Open Patent Application No. 2001-156017). 

[0010] Methods in Which the ?exibility of the optical 
system is improved by propagating a laser beam via optical 
?bers are also conceivable. HoWever, as the output of the 
laser oscillator is increased, there is a danger of damage to 
the optical ?bers because of the damage limit of the optical 
?bers With respect to the laser poWer density, and the use of 
small-diameter optical ?bers becomes di?icult. Accordingly, 
an extremely high-ratio reducing optical system is required 
in order to focus the light in the short direction of the beam 
shape of the linear beam. HoWever, the actual manufacture 
of such optical systems is extremely di?icult. Furthermore, 
in the case of laser oscillators operated by Q sWitching, 
arbitrary control of the laser pulse Waveform and spatial 
intensity distribution is di?icult, and conditions that are 
optimal for Working therefore cannot alWays be obtained. 

[0011] Recently, in order to solve these problems, a 
method has been proposed in Japanese Laid-Open Patent 
Application No. 2002-280324 (pages 4 to 10 and FIG. 1). In 
this method, a laser oscillating in the near infrared region is 
caused to perform split propagation by means of a plurality 
of ?bers, the light is ampli?ed by a ?ber ampli?er and 
converted into a third harmonic, and the light is then formed 
into a linear beam and caused to irradiate the substrate. 

[0012] The construction of the laser apparatus disclosed in 
Japanese Laid-Open Patent Application No. 2002-280324 is 
shoWn in FIG. 4. For example, this laser apparatus 400 is 
constructed from a near infrared micro-chip laser having an 
oscillation Wavelength of 914 nm, and has a master laser 401 
as a laser light source Which emits reference laser pulsed 
light RPref having a Wavelength of 914 nm and a pulse 
Width of 0.5 ns; a beam expander 402 comprising tWo lenses 
402a and 4021) whose focal points are caused to coincide; a 
micro-lens array 403 Which splits the reference laser pulsed 
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light RPref converted into a large-diameter parallel light ray 
bundle by the beam expander 402 into N light beams; optical 
?ber ampli?ers 404-1 through 404-N Which amplify the split 
reference laser pulsed light beams DRPrefl through 
DRPrefN that are propagated, and Whose lengths are sequen 
tially set so as to obtain a propagation delay time of 0.5 ns, 
Which is the pulse Width of the split reference laser pulsed 
light beams DRPrefl through DRPrefN; ?ber-coupled exci 
tation laser light sources 405-1 through 405-N; excitation 
light propagating optical ?bers 406-1 through 406-N; a third 
harmonic generating apparatus 407 for receiving the split 
reference laser pulsed light beams DRPrefl through 
DRPrefN that have a Wavelength of 914 nm and are emitted 
from the other end surfaces of the optical ?ber ampli?ers 
404-1 through 404-N, and generating third harmonics TRD1 
through TRDN having a Wavelength of 305 nm and a pulse 
Width of 0.5 ns; and an illuminating optical system 408 in 
Which the laser pulsed light of N third harmonics TRD1 
through TRDN obtained by Wavelength conversion in the 
third harmonic generating apparatus 407 is connected and 
placed in parallel, and pulsed light is emitted Whose pulse 
Width is at least N times that of the reference laser pulsed 
light RPref that has a pulse Width of 0.5 ns and is subjected 
to so-called time multiplexing. 

[0013] A light Wave splitting means is constructed by the 
beam expander 402 and micro-lens array 403, and a light 
synthesis means is constructed by the third harmonic gen 
erating apparatus 407 and illuminating optical system 408. 
Furthermore, an excitation light supply means is constructed 
by the excitation laser light sources 405-1 through 405-N, 
the excitation light propagating optical ?bers 406-1 through 
406-N, and optical ?ber couplers 414-1 through 414-N. 

[0014] Furthermore, in Japanese Laid-Open Patent Appli 
cation No. 2002-280324, it is indicated that the ?uence that 
is required in order to anneal a TFT using an XeCl excimer 
laser having a Wavelength of 308 nm is several hundred 
J/cm2, and that the pulse Width is approximately 20 ns. 
Moreover, in Japanese Laid-Open Patent Application No. 
2002-280324, it is indicated that When a micro-chip laser 
having a Wavelength of 914 nm and a pulse Width of 0.5 ns 
is used as the master laser, it is necessary to amplify the split 
reference laser pulsed light beams DRPrefl through 
DRPrefN having a Wavelength of 914 nm by means of the 
optical ?ber ampli?ers 404-1 through 404-N, and to convert 
these ampli?ed laser pulsed light beams into third harmonics 
TRD1 through TRDN having a Wavelength of 305 nm and 
a pulse Width of 0.5 ns by means of the third harmonic 
generating apparatus 407, in order to obtain the necessary 
?uence described above. 

[0015] HoWever, in the laser apparatus disclosed in Japa 
nese Laid-Open Patent Application No. 2002-280324, as 
Was described above, it is necessary to amplify the split 
reference laser pulsed light beams DRPrefl through 
DRPrefN having a Wavelength of 914 nm to a poWer density 
of several tens of MW/mm2 or greater by means of the 
optical ?ber ampli?ers 404-1 through 404-N. Otherwise 
su?icient conversion e?iciency cannot be obtained at the 
time of conversion into third harmonics by the third har 
monic generating apparatus 407. 

SUMMARY OF THE INVENTION 

[0016] It is an object of the present invention to provide a 
compact laser annealing apparatus Which makes it possible 
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to transmit laser poWer by means of a slender optical ?ber 
even in cases in Which a green laser With a high peak poWer 
such as the second harmonic of an Nd:YAG laser having a 
Q sWitching action or the like is used as a heating light 
source, and Which therefore alloWs high-quality Working to 
be carried out Without any need for a laser ampli?er or a high 
frequency generating apparatus. 

[0017] The laser annealing apparatus according to the 
present invention comprises a laser oscillator having a Q 
sWitching action; one or a plurality of partially re?ective 
mirrors for splitting a laser beam emitted from the laser 
oscillator into a plurality of beams; a plurality of optical 
?bers Which respectively transmit the plurality of laser 
beams split by the partially re?ective mirrors, and Whose 
respective emission ends are arranged linearly in one direc 
tion; a ?rst optical system for synthesiZing and homogeniZ 
ing the plurality of laser beams emitted from the optical 
?bers; and a second optical system for focusing the laser 
beam emitted from the ?rst optical system on the Work piece 
surface as a rectangular laser beam Whose beam shape is 
long in the lateral direction and short in the longitudinal 
direction. 

[0018] The optical ?bers are set at lengths that differ from 
each other in units of single ?bers or a plurality of ?bers; the 
amount of optical transmission delay of the emitted laser 
beams can be caused to vary at the emission ends of the 
optical ?bers; and the laser beam Waveform can be caused 
to vary from the Waveform at the time of emission from the 
laser oscillator. 

[0019] A plurality of laser oscillators can be provided, the 
optical ?bers can be connected to the plurality of laser 
oscillators in units of single ?bers or a plurality of ?bers, and 
the pulse oscillation timing of the laser beams emitted from 
the laser oscillators can be adjusted and the pulse Waveform 
of the laser beams emitted from the optical ?bers can be 
varied over time. 

[0020] It is desirable that the intensity of the laser beams 
that are incident on the optical ?bers be varied in units of 
single ?bers or a plurality of ?bers by varying the re?ectivity 
of the partially re?ective mirrors. 

[0021] The core diameters of the optical ?bers can be 
varied in units of single ?bers or a plurality of ?bers, and the 
beam intensity distribution in the short longitudinal direc 
tion of the beam shape of the laser beams focused by the 
second optical system can be adjusted. 

[0022] The emission ends of the optical ?bers can be 
shifted in a direction perpendicular to the aforementioned 
single direction in units of single ?bers or a plurality of 
?bers, and the pulse Waveform of the laser beams can be 
shifted in the short longitudinal direction of the beam shape 
focused by the second optical system. 

[0023] The beam intensity distribution in the short longi 
tudinal direction of the beam shape of the laser beams can 
be adjusted by varying the core diameter in units of single 
?bers or a plurality of ?bers, and the pulse Waveform of the 
laser beams can be shifted in the short longitudinal direction 
of the beam shape by arranging the emission ends so that the 
ends are shifted in the direction perpendicular to the afore 
mentioned single direction in units of single ?bers or a 
plurality of ?bers. 
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[0024] In the present invention, laser power transmission 
can be accomplished Without damaging the end surfaces of 
slender optical ?bers even in cases in Which a green laser 
With a high peak poWer such as the second harmonic of an 
Nd:YAG laser having a Q sWitching action is used as the 
heating light source in the crystallization annealing process 
of a loW-temperature poly-silicon TFT. Accordingly, a laser 
annealing apparatus having a high-quality Working perfor 
mance Which does not require a laser ampli?er or a high 
frequency generating apparatus can be realized, and the 
operating stage of the laser annealing apparatus can be made 
compact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a schematic diagram shoWing one 
example of the construction of a conventional laser anneal 
ing apparatus; 

[0026] FIG. 2A is a side vieW shoWing the construction of 
a conventional optical system for converting laser light into 
a linear form, and FIG. 2B is a plan vieW of the same; 

[0027] FIG. 3 is a schematic diagram shoWing a conven 
tional laser annealing apparatus; 

[0028] FIG. 4 is a schematic diagram shoWing the con 
struction of a conventional laser apparatus; 

[0029] FIG. 5 is a schematic diagram shoWing the con 
struction of a laser annealing apparatus according to a ?rst 
embodiment of the present invention; 

[0030] FIG. 6 is a schematic diagram shoWing one 
example of the construction of the linear beam formation 
optical system 6; 

[0031] FIG. 7 is a schematic diagram shoWing an overall 
vieW of the laser annealing apparatus constituting a ?rst 
embodiment of the present invention; 

[0032] FIG. 8 is a schematic diagram shoWing one 
example of the arrangement of the optical ?bers in a laser 
annealing apparatus constituting a fourth embodiment of the 
present invention; 

[0033] FIG. 9 is a graph shoWing one example of the laser 
pulse Waveform obtained by the arrangement of optical 
?bers shoWn in FIG. 8; 

[0034] FIG. 10 is a schematic diagram shoWing one 
example of the arrangement of the optical ?bers in a laser 
annealing apparatus according to a sixth embodiment of the 
present invention; and 

[0035] FIG. 11 is a graph shoWing one example of the 
laser pulse Waveform obtained by the arrangement of optical 
?bers shoWn in FIG. 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0036] BeloW, embodiments of the present invention Will 
be described in concrete terms With reference to the attached 
?gures. FIG. 5 is a schematic diagram shoWing the con 
struction of a laser annealing apparatus according to a ?rst 
embodiment of the present invention. First, k (k is a natural 
number) laser oscillators 1-1 through 1-k Which operate by 
Q sWitching are arranged side by side, and m (m is a natural 
number>k) partially re?ective mirrors 2-1 through 2-m 
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Which have an arbitrary re?ectivity and in Which dielectric 
multi-layer ?lms are formed on the respective front surfaces, 
as Well as a plurality of totally re?ective mirrors 3, are 
disposed in front (in optical terms) of the k laser beams that 
have a high peak poWer and are emitted from the k laser 
oscillators 1-1 through 1-k. In the present embodiment, the 
pulse oscillation timing of the laser beams emitted from the 
k laser oscillators 1-1 through 1-k is all synchronized, and 
the m partially re?ective mirrors 2-1 through 2-m all have 
the same re?ectivity 

[0037] The k laser beams that are emitted from the k laser 
oscillators 1-1 through 1-k are split into laser beams on n (n 
is a natural number>k) light paths having an arbitrary 
intensity by the m partially re?ective mirrors 2-1 through 
2-m, and are caused to be incident on n coupling lenses 4-1 
through 4-n by the m partially re?ective mirrors 2-1 through 
2-m and the plurality of totally re?ective mirrors 3. In the 
present embodiment, the laser beams along n light paths all 
have the same intensity. 

[0038] Also, n optical ?bers 5-1 through 5-n are disposed 
in accordance With the n laser beams on the surface on Which 
the respective laser beams that are split into n light paths are 
focused by the n coupling lenses 4-1 through 4-n. In the 
present embodiment, the n optical ?bers 5-1 through 5-n all 
have the same core diameter. 

[0039] The core diameters and the splitting number n of 
these n optical ?bers 5-1 through 5-n are arbitrarily opti 
mized based on the outputs of the k laser oscillators 1-1 
through 1-k, the desired line Width of the linear beam for 
irradiating the surface that is being Worked (amorphous 
silicon substrate), the upper limit of the poWer density that 
can be transmitted by the optical ?bers used, and the like. In 
this case, provided that the laser beam intensity is Within the 
range restricted by the damage threshold value of the end 
surfaces of the optical ?bers, transmission by a single optical 
?ber for a single laser oscillator is possible. 

[0040] Generally, hoWever, quartz optical ?bers are used 
for the propagation of high-output laser beams, and the 
damage threshold value for the end surfaces of such optical 
?bers is approximately 100 MW/mm2 in the case of SI (step 
index) optical ?bers, and approximately 1 MW/mm2 in the 
case of GI (grated index) optical ?bers, for a laser beam 
having a pulse Width of 10 ns. On the other hand, the laser 
output of an Nd:YAG laser second harmonic oscillator 
having a Q sWitching action has an extremely high peak 
poWer exceeding several hundred kiloWatts at a pulse Width 
of several tens of nanoseconds. Accordingly, for example, 
When propagation is attempted using an optical ?ber having 
a core diameter of approximately 100 um, there is a danger 
of damage to the end surface, and stable use in industrial 
applications is di?icult to accomplish. 

[0041] Accordingly, in the present embodiment, k laser 
beams that have a high peak poWer and are emitted from k 
laser oscillators 1-1 through 1-k operated by Q sWitching are 
split into n laser beams having a laser poWer density that 
substantially alloWs optical ?ber transmission to be per 
formed by m partially re?ective mirrors 2-2 through 2-m 
Which have an arbitrary re?ectivity and in Which dielectric 
multi-layer ?lms are provided to their respective surfaces. 
These n laser beams are introduced into n optical ?bers 5-1 
through 5-n, and stable use is thereby made possible Without 
damaging the end surfaces of the optical ?bers. 
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[0042] Furthermore, the n optical ?bers 5-1 through 5-n 
are set at lengths that differ from each other in units of single 
?bers or a plurality of ?bers, the optical propagation delay 
is varied at the emission ends of the n optical ?bers 5-1 
through 5-n, and a propagation delay is generated in the laser 
pulse Waveform. For example, in a case in Which quartz 
optical ?bers having a refractive index of 1.45 are used, an 
optical laser pulse Waveform delay time of 1 ns can be 
generated by a difference in ?ber length of approximately 20 
cm. Accordingly, propagation delay control of the pulse 
Waveform on the nanosecond order can easily be realized by 
adjusting the ?ber length. 

[0043] As is shoWn in FIG. 6, disposed in front (in optical 
terms) of the n optical ?bers 5-1 through 5-n is a linear beam 
formation optical system 6 comprising a ?rst optical system 
(long-side collimating cylindrical lenses 7-1 through 7-n, 
short-side collimating cylindrical lens 8, long-side synthe 
sizing and focusing cylindrical lens 9, and plate-form optical 
Waveguide 10) Which synthesizes and homogenizes the n 
laser beams emitted from the optical ?bers 5-1 through 5-n, 
and a second optical system (long-side collimating cylindri 
cal lens 11, long-side focusing cylindrical lens 12, and 
short-side focusing cylindrical lens 13) Which focuses the 
laser beam emitted from the ?rst optical system on the Work 
piece surface as a rectangular laser beam that is long in the 
lateral direction and short in the longitudinal direction. 

[0044] The shape of a laser beam that is emitted from the 
short-side focusing cylindrical lens 13 is a rectangular shape 
that is long in the lateral direction and short in the longitu 
dinal direction. In the example shoWn in the ?gures, the 
lateral direction is the horizontal direction. Since this beam 
shape is long in the lateral direction and short in the 
longitudinal direction, a linear shape is formed, and the long 
direction is the laser beam length, While the line Width 
direction in the longitudinal direction (short direction) is the 
beam Width. 

[0045] FIG. 6 is a schematic diagram shoWing one 
example of the construction of the linear beam formation 
optical system 6. The emission ends of the n optical ?bers 
5-1 through 5-n are disposed rectilinearly in one direction. 
In the present embodiment, there is a match betWeen the 
arrangement direction of the emission ends of the n optical 
?bers 5-1 through 5-n (the single direction described above) 
and the long direction of the beam shape of the linear beam 
14 from the short-side focusing cylindrical lens 13. Also, the 
n long-side collimating cylindrical lenses 7-1 through 7-n 
corresponding to the n optical ?bers are disposed on the 
same optical axis in front (in optical terms) of the n optical 
?bers 5-1 through 5-n, and the laser beams emitted from the 
n optical ?bers 5-1 through 5-n are collimated in respective 
fashion in the long arrangement direction by n long-side 
collimating cylindrical lenses 7-1 through 7-n corresponding 
to the n laser beams. 

[0046] A short-side collimating cylindrical lens 8 is dis 
posed on the same optical axis in front (in optical terms) of 
the n laser beams collimated in respective fashion in the long 
arrangement direction by the n long-side collimating cylin 
drical lenses 7-1 through 7-n, and the n laser beams are 
collimated in respective fashion in the short arrangement 
direction. 

[0047] A long-side synthesizing and focusing cylindrical 
lens 9 is disposed on the same optical axis in front (in optical 
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terms) of the n laser beams collimated in respective fashion 
in the long arrangement direction and short arrangement 
direction. As a result, the laser beams are focused in the long 
direction by a plate-form optical Waveguide 10 disposed 
further in front (in optical terms). The laser beams that are 
focused by the plate-form optical Waveguide 10 are homog 
enized in the long direction by being caused to propagate in 
zigzag fashion While repeating critical re?ection inside the 
plate-form optical Waveguide 10. Furthermore, in the short 
direction, the laser beams are propagated as substantially 
parallel light rays through the inside of the plate-form 
optical Waveguide 10. The beam area, determined by the 
core diameters and the emission NA (numerical aperture) of 
the n optical ?bers 5-1 through 5-n, is maintained. It Would 
also be possible to use a micro-lens array (?y-eye lens) or 
the like instead of the plate-form optical Waveguide 10. 

[0048] As Was described above, laser beams emitted from 
the n optical ?bers 5-1 through 5-n are homogenized in the 
long direction by a ?rst optical system constructed from the 
long-side collimating cylindrical lenses 7-1 through 7-n, 
short-side collimating cylindrical lens 8, long-side synthe 
sizing and focusing cylindrical lens 9, and plate-form optical 
Waveguide 10. 

[0049] A long-side collimating cylindrical lens 11 is dis 
posed on the same optical axis in front (in optical terms) of 
the laser beam homogenized in the long direction by the ?rst 
optical system, and the laser beam is further collimated in 
the long arrangement direction by the long-side collimating 
cylindrical lens 11. 

[0050] A long-side focusing cylindrical lens 12 is disposed 
in front (in optical terms) of the laser beam emitted from the 
long-side collimating cylindrical lens 11, and the laser beam 
is adjusted to a desired laser beam length in the long 
direction by the long-side focusing cylindrical lens 12. 

[0051] A short-side focusing cylindrical lens 13 is dis 
posed on the same optical axis in front (in optical terms) of 
the laser beam adjusted to the desired laser beam length in 
the long direction, and the laser beam is adjusted to the 
desired linear beam Width (line Width) in the short direction 
by this short-side focusing cylindrical lens 13. In this case, 
the ratio of the focal distances of the short-side collimating 
cylindrical lens 8 and short-side focusing cylindrical lens 13 
is the reduction ratio in the short direction. The product of 
the respective core diameters of the n optical ?bers 5-1 
through 5-n and the reduction ratio in the short direction is 
the Width (line Width) in the short direction of the rectan 
gular linear beam 14. The beam is long in the lateral 
direction and short in the longitudinal direction and is 
emitted from the short-side focusing cylindrical lens 13 and 
is directed onto the amorphous silicon substrate (not shoWn 
in the ?gures). 

[0052] As a result, the laser beam homogenized in the long 
direction by the ?rst optical system is focused as a linear 
beam 14 having the desired laser beam length and beam 
Width (line Width) on the Work piece surface (amorphous 
silicon substrate) by the second optical system constructed 
from the long-side collimating cylindrical lens 11, long-side 
focusing cylindrical lens 12, and short-side focusing cylin 
drical lens 13. 

[0053] Here, the laser beam line Width that is required in 
the crystallization annealing of an amorphous substrate by a 
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laser beam is ordinarily several tens of micrometers. In the 
short direction, in a case in Which, for example, the core 
diameter of the optical ?bers 5-1 through 5-n is 100 pm, the 
reduction ratio (ratio of the focal distances of the short-side 
collimating cylindrical lens 8 and short-side focusing cylin 
drical lens 13) that is required for irradiation With a linear 
beam having a Width of 50 um is 1/2 times, Which can easily 
be realiZed. On the other hand, in a method in Which a laser 
beam is introduced into the linear beam formation optical 
system 6 and formed into a linear beam by using a single 
optical ?ber Which has a suf?ciently large core diameter so 
that there is no danger of damage to the end surface, the 
linear beam that is formed is directed onto the amorphous 
substrate, Whereupon a reducing optical system With a 
magni?cation of l/20 is required in order to reduce the beam 
to a linear beam having a Width of 50 pm in a case in Which 
(for example) the core diameter of the optical ?ber is 1 mm. 
Accordingly, in cases in Which the emission NA at the time 
of emission from the optical ?ber is large, manufacture of 
the optical system is difficult. 

[0054] As Was described above, k laser beams that have a 
high peak poWer and are emitted from k laser oscillators 
operated by Q sWitching are split into laser beams along n 
light paths having a laser poWer density that substantially 
alloWs optical ?ber transmission to be performed, and these 
n laser beams are introduced into n optical ?bers 5-1 through 
5-n. Transmission by means of slender optical ?bers is 
thereby made possible even in the case of a laser pulse that 
has an extremely high peak poWer. Furthermore, since the 
emission ends of the n optical ?bers are linearly disposed 
only in the long direction, the beam quality in the short 
direction can be maintained, and the desired line Width 
(several tens of micrometers) can be obtained using a 
loW-ratio reducing optical system in the short direction. 

[0055] Furthermore, the n-optical ?bers 5-1 through 5-n 
are set at lengths that differ from each other in units of single 
?bers or a plurality of ?bers, the optical propagation delay 
of the emitted beams is varied at the emission ends of the n 
optical ?bers 5-1 through 5-n, and a propagation delay is 
produced in the laser pulse Waveform. As a result, the linear 
beam 14 that is directed onto the amorphous silicon sub 
strate has a laser pulse Waveform that maintains this propa 
gation delay. Accordingly, the pulse Waveform of the linear 
beam 14 in the short direction can be varied by varying the 
lengths of the n optical ?bers 5-1 through 5-n. Furthermore, 
the respective lengths of the n optical ?bers 5-1 through 5-n 
can also be made the same. In this case, the laser pulse 
Waveform obtained from the k laser oscillators is reproduced 
Without further modi?cation even after emission from the n 
optical ?bers 5-1 through 5-n. 

[0056] Next, the operation of the present embodiment 
constructed as described above Will be described. FIG. 7 is 
a schematic diagram shoWing an overall vieW of the laser 
annealing apparatus of the present embodiment. In FIG. 7, 
constituent elements that are the same as in FIGS. 5 and 6 
are labeled With the same symbols, and a detailed descrip 
tion of such elements is omitted. First, k (k is a natural 
number) laser oscillators 15-1 through 15-k operated by Q 
sWitching are disposed side by side, and a total of n optical 
?bers 5-1 through 5-n (n is a natural number>k) are con 
nected to one end of each of these k laser oscillators 15-1 
through 15-k. Here, the k laser oscillators 15-1 through 15-k 
ful?ll the functions of the portions that extend from the k 
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laser oscillators 1-1 through 1-k to the m partially re?ective 
mirrors 2-1 through 2-m, the plurality of totally re?ective 
mirrors 3, and the n ?ber coupling lenses 4-1 through 4-n in 
FIG. 5. 

[0057] The other ends of the n optical ?bers 5-1 through 
5-n are connected to a linear beam formation optical system 
6 carried on a biaxial operating stage 16. A stage 17 on 
Which an amorphous silicon substrate 18 is carried is 
installed in front (in optical terms) of the linear beam 
formation optical system 6. 

[0058] The k (k is a natural number) laser oscillators 15-1 
through 15-k emit k laser beams, and these k laser beams are 
split into n laser beams having a laser poWer density that 
substantially alloWs optical ?ber transmission to be per 
formed. Also, n laser beam outputs are transmitted to the n 
optical ?bers 5-1 through 5-n (n is a natural number>k). The 
n laser beams are emitted from the emission ends of the n 
optical ?bers 5-1 through 5-n, and are incident on the linear 
beam formation optical system 6. 

[0059] The laser beams incident on the linear beam for 
mation optical system 6 are homogeniZed in the long direc 
tion by the ?rst optical system, and are focused by the 
second optical system as a rectangular laser beam (linear 
beam 14) onto the Work piece surface (amorphous silicon 
substrate 18) carried on the stage 17. The beam is long in the 
lateral direction and short in the longitudinal direction, and 
has a beam shape of the desired laser beam length and beam 
Width (line Width). The portion of the amorphous silicon 
substrate 18 that is irradiated by the linear beam 14 is 
modi?ed to poly-silicon 19. 

[0060] In the laser annealing apparatus of the present 
embodiment, the k laser oscillators 15-1 through 15-k oper 
ated by Q sWitching emit k laser beams that have a high peak 
poWer. The k laser beams are split into n laser beams having 
a laser poWer density that substantially alloWs optical ?ber 
transmission to be performed. The n laser beams are intro 
duced into n optical ?bers 5-1 through 5-n, and stable use is 
thereby made possible Without damaging the end surfaces of 
the optical ?bers. Since the ?exibility is improved using 
optical ?bers, the entire surface of the amorphous silicon 
substrate 18 can be irradiated With the linear beam 14 by 
fastening and supporting the k laser oscillators 15-1 through 
15-k, carrying the linear beam formation optical system 6 on 
a biaxial operating stage 16, and scanning the biaxial oper 
ating stage 16. As a result, the stability of the laser annealing 
apparatus is improved, and the biaxial operating stage 16 can 
be made compact since it is necessary to move only the 
linear beam formation optical system 6, Which is light in 
Weight compared to the k laser oscillators 15-1 through 15-k. 

[0061] Next, a second embodiment of the present inven 
tion Will be described. In the ?rst embodiment described 
above, the pulse oscillation timing of all the laser beams 
emitted from the k laser oscillators Was synchronized. The 
present embodiment is different in that the pulse oscillation 
timing of the laser beams emitted from the k laser oscillators 
is adjusted, and the pulse Waveform of the laser beams 
emitted from the emission ends of the n optical ?bers 5-1 
through 5-n is varied over time. The remaining structure of 
the second embodiment is the same. 

[0062] A propagation delay effect is obtained in the laser 
pulse Waveform by generating a difference in the pulse 
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oscillation timing of the laser beams emitted from the k laser 
oscillators 15-1 through 15-k shoWn in FIG. 7. For example, 
a difference in ?ber length of 20 m or greater is required in 
a case in Which an optical pulse Waveform delay time of 100 
ns or greater is controlled by the ?ber length of a quartz ?ber 
With a refractive index of 1.45. In this case, it is desirable 
that the pulse oscillation timing of the laser beams emitted 
from the laser oscillators be controlled. 

[0063] Next, a third embodiment of the present invention 
Will be described. The present embodiment differs in that 
When the k laser beams emitted from the k laser oscillators 
1-1 through 1-k in the ?rst embodiment are split into laser 
beams along n light paths having an arbitrary laser intensity 
by the m partially re?ective mirrors 2-1 through 2-m, the 
re?ectivity of the m partially re?ective mirrors 2-1 through 
2-m is varied, and the intensity of the laser beams incident 
on the n optical ?bers 5-1 through 5-n is thereby varied as 
Well. The remaining structure is the same. 

[0064] The splitting ratios of the laser beams are different 
in cases in Which the re?ectivity levels of the m partially 
re?ective mirrors 2-1 through 2-m differ from each other. As 
a result, the intensities of the laser beams that are incident on 
the n optical ?bers 5-1 through 5-n are different as Well. The 
n laser beams that are transmitted by the n optical ?bers 5-1 
through 5-n and emitted from the emission ends of the n 
optical ?bers 5-1 through 5-n are propagated as substantially 
parallel light rays inside the plate-form optical Waveguide 10 
in the short direction. Since the beam area determined by the 
core diameter and the emission numerical aperture (emission 
NA) of the n optical ?bers 5-1 through 5-n is maintained, the 
intensity in the line Width direction of the rectangular linear 
beam 14, Which is long in the lateral direction and short in 
the longitudinal direction and Which is directed onto the 
Work piece surface (amorphous silicon substrate 18), is 
controlled by the splitting ratio of the laser beams With the 
aid of the m partially re?ective mirrors 2-1 through 2-m. 

[0065] Next, a fourth embodiment of the present invention 
Will be described. FIG. 8 is a schematic diagram shoWing 
one example of the arrangement of the optical ?bers in the 
present embodiment. In the ?rst embodiment, all the core 
diameters of the n optical ?bers 5-1 through 5-n Were the 
same. In the present embodiment, on the other hand, as is 
shoWn in FIG. 8, the core diameters of the n optical ?bers 
5-1 through 5-n are varied in units of single ?bers or a 
plurality of ?bers, and the remaining structure is similar to 
that of the ?rst embodiment. As a result, it is possible to 
adjust the beam intensity distribution in the short direction 
of the beam shape of the laser beam that is focused on the 
Work piece surface (amorphous silicon substrate) by the 
second optical system constructed from the long-side focus 
ing cylindrical lens 12 and short-side focusing cylindrical 
lens 13. 

[0066] As is shoWn in FIG. 8, three sets of optical ?bers 
having different core diameters and ?ber lengths are dis 
posed in a single straight line. The respective core diameters 
R101 of the slender optical ?ber set 101 are the smallest, and 
the respective ?ber lengths L101 are the smallest as Well. In 
the intermediate optical ?ber set 102 having the core diam 
eters R102, the respective core diameters R102 are larger than 
the respective R101 of the slender optical ?ber set 101, and 
the respective ?ber lengths L102 are longer than the respec 
tive ?ber lengths LlOl of the slender optical ?ber set 101. In 
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the thick optical ?ber set 103, the respective core diameters 
R103 are larger than the respective core diameters R102 of the 
intermediate optical ?ber set 102, and the respective ?ber 
lengths L103 are longer than the respective ?ber lengths L102 
of the intermediate optical ?ber set 102. 

[0067] In cases in Which the respective core diameters of 
the n optical ?bers 5-1 through 5-n are set at different 
diameters, the laser beams emitted from the more slender 
optical ?bers are focused at a ?ner line Width, and the laser 
beams emitted from the thicker optical ?bers are focused at 
a Wider line Width. As a result, the laser beam intensity 
distribution in the short direction, i.e., the beam intensity 
distribution in the line Width direction of the linear beam 14, 
can be controlled by the core diameters of the n optical ?bers 
5-1 through 5-n. 

[0068] FIG. 9 shoWs one example of the laser pulse 
Waveform obtained by arranging optical ?bers as shoWn in 
FIG. 8. First, irradiation is performed using the laser pulse 
obtained by the slender optical ?ber set 101 that has the most 
slender diameter and the shortest length (laser pulse inten 
sity distribution 111). Next, irradiation is performed using 
the laser pulse obtained by the intermediate optical ?ber set 
102 that has an intermediate diameter and an intermediate 
length (laser pulse intensity distribution 112). Finally, irra 
diation is performed using the laser pulse obtained by the 
thick optical ?ber set 103 that has the maximum diameter 
and the longest length (laser pulse intensity distribution 
113), and the synthesiZed laser pulse intensity distribution 
110 is thereby obtained as temporally synthesiZed laser pulse 
intensity. 
[0069] In the example described above, the poWer of the 
transmitted laser beams is controlled by varying the number 
of optical ?bers of respective diameters. HoWever, if the 
poWer is Within the range restricted by the damage threshold 
value of the end surfaces of the optical ?bers, it Would also 
be possible to adjust the poWer of the transmitted laser 
beams by employing a spit ratio for the m (m is a natural 
number>k) partially re?ective mirrors 2-1 through 2-m, as in 
the third embodiment described above. 

[0070] Next, a ?fth embodiment of the present invention 
Will be described. In the ?rst embodiment described above, 
the arrangement direction of the emission ends of the n 
optical ?bers 5-1 through 5-n coincided With the long 
direction of the beam shape of the linear beam 14 emitted 
from the short-side focusing cylindrical lens 13. In the 
present embodiment, on the other hand, the emission ends of 
the n optical ?bers 5-1 through 5-n are disposed so that these 
emission ends are shifted in units of single ?bers or a 
plurality of ?bers in the direction perpendicular to the long 
direction of the beam shape of the linear beam 14 from the 
short-side focusing cylindrical lens 13. The remaining struc 
ture is similar to that of the ?rst embodiment. As a result, it 
is possible to adjust the beam intensity distribution in the 
short direction of the beam shape of the laser beam that is 
focused on the Work piece surface (amorphous silicon 
substrate) by the second optical system constructed from the 
long-side focusing cylindrical lens 12 and short-side focus 
ing cylindrical lens 13. 

[0071] The emission ends of the n optical ?bers 5-1 
through 5-n are shifted in the direction perpendicular to the 
long direction of the beam shape of the linear beam 14 from 
the short-side focusing cylindrical lens 13 in units of single 
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?bers or a plurality of ?bers, rather than the emission ends 
of the n optical ?bers 5-1 through 5-n being disposed so as 
to coincide With the long direction of the beam shape of the 
linear beam 14 from the short-side focusing cylindrical lens 
13. As a result, the position Where the linear beam 14 is 
focused in the short direction is shifted in parallel by a 
distance obtained by multiplying the amount of shift at the 
time of incidence of the laser beams on the short-side 
collimating cylindrical lens 8 by the reduction ratio (ratio of 
the focal distances of the short-side collimating cylindrical 
lens 8 and short-side focusing cylindrical lens 13). 

[0072] In this case, the n optical ?bers 5-1 through 5-n are 
set at lengths that differ from each other in units of single 
?bers or a plurality of ?bers, and the optical propagation 
delay of the emitted beams is therefore varied at the emis 
sion ends of the n optical ?bers 5-1 through 5-n, thus 
generating a propagation delay in the laser pulse Waveform, 
so that the liner beam 14 is scanned in the line Width 
direction. In this case, if the respective lengths of the n 
optical ?bers 5-1 through 5-n are made the same, the 
position Where the linear beam 14 is focused in the short 
direction is shifted in parallel by a distance obtained by 
multiplying the amount of shift at the time of incidence of 
the laser beams on the short-side collimating cylindrical lens 
8 by the reduction ratio (ratio of the focal distances of the 
short-side collimating cylindrical lens 8 and short-side 
focusing cylindrical lens 13). Furthermore, the respective 
lengths of the n optical ?bers 5-1 through 5-n are made the 
same, and the pulse oscillation timing of the laser beams 
emitted from the k laser oscillators is adjusted so that a 
propagation delay is generated in the pulse Waveform of the 
laser beams emitted from the emission ends of the n optical 
?bers 5-1 through 5-n. The linear beam 14 can thereby also 
be scanned in the line Width direction by performing time 
control of the laser pulse Waveform. 

[0073] Furthermore, for example, in the ?rst embodiment 
described above, the emission ends of the n optical ?bers 5-1 
through 5-n are arranged linearly in a single roW in the long 
direction in FIG. 6. HoWever, this arrangement is not limited 
to a single roW. For example, in cases in Which the amor 
phous silicon substrate is simultaneously irradiated With a 
linear beam at ?xed intervals, a linear arrangement in a 
plurality of roWs is also possible. In this case, the spacing of 
the linear beams directed onto the amorphous silicon sub 
strate is obtained by multiplying the arrangement spacing of 
the optical ?bers by the reduction ratio in the short direction 
(the ratio of the focal distances of the short-side collimating 
cylindrical lens 8 and short-side focusing cylindrical lens 
13). 
[0074] Next, a sixth embodiment of the present invention 
Will be described. FIG. 10 is a schematic diagram shoWing 
one example of the arrangement of the optical ?bers in this 
embodiment. In the present embodiment, as is shoWn in FIG. 
10, the emission ends of the n optical ?bers 5-1 through 5-n 
are shifted in units of single ?bers or a plurality of ?bers in 
the direction perpendicular to the long direction of the beam 
shape of the linear beam 14 from the short-side focusing 
cylindrical lens 13, and the core diameters of the n optical 
?bers 5-1 through 5-n are also varied in units of single ?bers 
or a plurality of ?bers. 

[0075] As is shoWn in FIG. 10, three sets of optical ?bers 
having different core diameters and ?ber lengths are pro 
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vided. In the slender optical ?ber set 101, the respective core 
diameters R101 are the shortest, and the respective ?ber 
lengths L101 are also the shortest. 

[0076] An intermediate optical ?ber set 102 having core 
diameters R102 is linearly disposed so that this set is slightly 
shifted from a straight line connecting the respective centers 
of the slender optical ?ber set 101. The straight line con 
necting the respective centers of the slender optical ?ber set 
101 and the straight line connecting the respective centers of 
the intermediate optical ?ber set 102 are parallel to each 
other. The respective core diameters R102 of the intermediate 
optical ?ber set 102 are larger than the respective core 
diameters R101 of the slender optical ?ber set 101, and the 
respective ?ber lengths L102 are longer than the respective 
?ber lengths L101 of the slender optical ?ber set 101. 

[0077] A thick optical ?ber set 103 is disposed in the form 
of a straight line that is positioned betWeen a straight line 
connecting the respective centers of the slender optical ?ber 
set 101 and a straight line connecting the respective centers 
of the intermediate optical ?ber set 102. The respective core 
diameters R103 are greater than the respective core diameters 
R102 of the intermediate optical ?ber set 102, and the 
respective ?ber lengths L103 are longer than the respective 
?ber lengths L102 of the intermediate optical ?ber set 102. 

[0078] FIG. 11 is a graph shoWing one example of the 
spatial intensity distribution of the laser pulse obtained by 
the arrangement of optical ?bers shoWn in FIG. 10. First, 
irradiation is performed With a laser pulse 111 obtained by 
the slender optical ?ber set 101, Which has the most slender 
diameters and the shortest ?ber lengths. Next, irradiation is 
performed using the intermediate optical ?ber set 102, 
Which has intermediate diameters and intermediate lengths, 
With partial overlapping relative to the laser pulse 111 used 
for the previous irradiation. Finally, irradiation is performed 
using the laser pulse 113 obtained by means of the thick 
optical ?ber set 103 that has the largest diameters and 
longest lengths, so that the laser pulses 111 and 112 used in 
the previous irradiations are enveloped. 

[0079] First, irradiation is initially performed using a laser 
pulse having a poWer density suf?cient to melt the amor 
phous silicon substrate from a solid to a liquid in a single 
process. Accordingly, the slender optical ?ber set 101 that 
has the most slender diameters and shortest lengths is used 
for the transmission of the laser pulse 111. The laser pulse 
112 used in the subsequent irradiation is transmitted by the 
intermediate optical ?ber set 102 having intermediate diam 
eters and intermediate lengths, and this intermediate optical 
?ber set 102 is disposed so that as to be slightly shifted from 
the lateral direction (direction of the substrate surface) in 
Which the crystal is groWn. The laser pulse 113 that is used 
in even later irradiation and is transmitted by the thick 
optical ?ber set 103 having the largest diameters and longest 
lengths has large ?ber core diameters, and therefore heats 
the entire irradiated surface at the loWest poWer density, so 
that abrupt cooling of the lique?ed silicon is prevented, thus 
further promoting crystal groWth. As a result, during the 
extremely short thermal relaxation time of an amorphous 
silicon ?lm having a thickness of about 100 nm, a variation 
in the spatial intensity distribution of the laser pulse in the 
region of several micrometers to several tens of micrometers 
can be realiZed, and more-optimal laser heating control is 
possible. 
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[0080] In the above example as Well, the power of the 
transmitted laser beams is controlled by varying the number 
of optical ?bers of respective diameters, but if the poWer is 
Within the range restricted by the damage threshold value of 
the end surfaces of the optical ?bers, the poWer of the 
transmitted laser beams can also be adjusted by means of the 
splitting ratio of the m (m is a natural number>k) partially 
re?ective mirrors 2-1 through 2-m. 

[0081] In the laser annealing apparatus of the present 
invention, a laser pulse having an extremely high peak 
poWer can be transmitted by means of a slender optical ?ber 
Without damaging the end surface of the optical ?ber by 
splitting k laser beams that have a high peak poWer and are 
emitted from k laser oscillators 1-1 through 1-k operated by 
Q sWitching into n laser beams having a laser poWer density 
that substantially alloWs optical ?ber transmission by means 
of m partially re?ective mirrors 2-1 through 2-m, and 
introducing these n laser beams into n optical ?bers 5-1 
through 5-n. Furthermore, since the n optical ?bers 5-1 
through 5-n are linearly disposed only in the long direction, 
the beam quality in the short direction can be maintained, 
and the desired line Width (several tens of micrometers) can 
therefore be obtained using a loW-ratio reducing optical 
system in the short direction. 

[0082] Apropagation delay can also be optically generated 
in the laser pulse Waveform by using the ?ber lengths of the 
n optical ?bers 5-1 through 5-n, and a propagation delay 
effect of the laser pulse Waveform can also be obtained by 
adjusting the pulse oscillation timing of the laser beams 
emitted from the k laser oscillators 1-1 through 1-k. 

[0083] The laser beam splitting ratio and the core diam 
eters of the n optical ?bers 5-1 through 5-n can also be 
adjusted by adjusting the re?ectivity of the m partially 
re?ective mirrors 2-1 through 2-m, making it possible to 
control the beam intensity distribution of the linear beam 14 
in the line Width direction. 

[0084] Furthermore, it is possible to shift the position 
Where the linear beam 14 is focused in the short direction by 
arranging the emission ends of the n optical ?bers so that 
these emission ends are shifted in the direction perpendicu 
lar to a straight line parallel to the lens main surface of the 
short-side collimating cylindrical lens 8. 

[0085] The laser pulse Waveform and the intensity distri 
bution of the linear beam 14 can be arbitrarily varied With a 
high degree of freedom by combining the adjustments of the 
?ber lengths of the n optical ?bers 5-1 through 5-n, the pulse 
oscillation timing of the laser beams emitted from the k laser 
oscillators 1-1 through 1-k, the splitting ratio of the laser 
beams, Which is obtained by adjusting the re?ectivity levels 
of the m partially re?ective mirrors 2-1 through 2-m, and the 
arrangement of the emission ends of the n optical ?bers. 

[0086] It is thereby possible to simultaneously to control 
the beam intensity of the linear beam 14 over time on the 
nanosecond order and to control the spatial beam intensity 
on the micrometer order so that the intensity is optimal for 
the crystallization annealing of an amorphous silicon sub 
strate by the laser beam. 

Oct. 11, 2007 

What is claimed is: 
1. A laser annealing apparatus comprising: 

a laser oscillator having a Q sWitching action; 

one or a plurality of partially re?ective mirrors for split 
ting a laser beam emitted from said laser oscillator into 
a plurality of laser beams; 

a plurality of optical ?bers Which respectively transmit the 
plurality of laser beams split by said partially re?ective 
mirrors, and Whose respective emission ends are 
arranged linearly in one direction; 

a ?rst optical system for synthesiZing and homogenizing 
the plurality of laser beams emitted from said optical 
?bers; and 

a second optical system for focusing the laser beam 
emitted from said ?rst optical system on the Work piece 
surface as a rectangular laser beam Whose beam shape 
is long in the lateral direction and short in the longi 
tudinal direction. 

2. The laser annealing apparatus according to claim 1, 
Wherein 

said optical ?bers are set at lengths that differ from each 
other in units of single ?bers or a plurality of ?bers; 

the amount of optical propagation delay of the emitted 
laser beams is caused to vary at the emission ends of 
said optical ?bers; and 

the laser beam Waveform is caused to differ from the 
Waveform at the time of emission from said laser 
oscillator. 

3. The laser annealing apparatus according to claim 2, 
Wherein 

a plurality of said laser oscillators is provided; 

said optical ?bers are connected to said plurality of laser 
oscillators in units of single ?bers or a plurality of 
?bers; and 

the pulse oscillation timing of the laser beams emitted 
from said laser oscillators is adjusted and the pulse 
Waveform of the laser beams emitted from said optical 
?bers is caused to vary over time. 

4. The laser annealing apparatus according to claim 2, 
Wherein the intensity of the laser beams that are incident on 
said optical ?bers is varied in units of single ?bers or a 
plurality of ?bers by varying the re?ectivity of said partially 
re?ective mirrors. 

5. The laser annealing apparatus according to claim 1, 
Wherein 

the core diameter of said optical ?bers is varied in units 
of single ?bers or a plurality of ?bers; and 

the beam intensity distribution in the short longitudinal 
direction of the beam shape of the laser beam focused 
by said second optical system is adjusted. 

6. The laser annealing apparatus according to claim 1, 
Wherein 

the emission ends of said optical ?bers are shifted in the 
direction perpendicular to said single direction in units 
of single ?bers or a plurality of ?bers; and 
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the pulse Waveform of the laser beams is shifted in said 
short longitudinal direction of the beam shape focused 
by said second optical system. 

7. The laser annealing apparatus according to claim 1, 
Wherein 

the beam intensity distribution in the short longitudinal 
direction of the beam shape of said laser beams is 
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adjusted by Varying said core diameter in units of single 
?bers or a plurality of ?bers; and 

the pulse Waveform of the laser beams is shifted in said 
short longitudinal direction of said beam shape by 
arranging said emission ends so that the ends are 
shifted in the direction perpendicular to said single 
direction in units of single ?bers or a plurality of ?bers. 

* * * * * 


